Dunnock mating systems are variable and include monogamous pairs and several forms of polygamy, resulting from different patterns of overlap between female ranges and male territories (Davies & Lundberg 1984) . In resident populations Dunnocks also occupy definite home ranges from October to February, which can either be individual or shared by two or three birds (Birkhead 1981 ). These winter ranges do not always match breeding territories (Eybert 1985) . In some areas courtship and aggressive encounters among males have been observed in winter (Berthelot 1991) , but singing seems exceptional (Cramp 1988) . At rich feeding sites, small groups of up to four birds can congregate to feed (Birkhead 1981 , Davies 1992 . In winter quarters, where the species does not breed, social organization has not yet been described. It is known, however, that migrant Dunnocks show year-to-year fidelity to their Mediterranean wintering sites. In a French pine forest it was the wintering species with the second highest return rate Bird Study (2001) between different years (Orsini & Bouillot 1995) .
We investigate the spatial distribution, density and site fidelity of Dunnocks overwintering in Mediterranean burnt habitats. Previous observations at one of the study areas showed that the species was abundant and, in contrast to other sites, individuals were easily observed and heard. Therefore, we attempted to apply the mapping method, a census technique originally developed for territorial species. If the assumptions of the method (International Bird Census Committee 1969 , Bibby et al. 1997 were not violated by our field data and individual home ranges obtained from clusters did not overlap, it would seem reasonable to assume that Dunnocks occupied territories according to the exclusive area definition (Maher & Lott 1995) . In order to know whether or not individuals were attached to home ranges through the winter and between years, Dunnocks were ringed and followed for six winters in a second plot.
STUDY AREAS AND METHODS
The study was conducted in two plots, both at the eastern extremity of the Pyrenees and separated by 22 km. The La Jonquera plot (2°54′E, 42°25′N) is 240 m asl at the southern side of the Albera chain (Catalonia, Spain), with a gentle relief, granite substrate and a mean annual rainfall of 970 mm. The plot of 16 ha was located on an area intensely burnt by a 30 000 ha wildfire in July 1986. At the beginning of the study, in December 1990, the plot consisted of a Cork Oak Quercus suber forest of 512 living trees/ha, since the cork bark protects the trees from fire and very few had been killed. Living oaks resprouted from branches, rapidly reconstituting the former canopy. The forest was 8 m tall, on average, and had a well developed undergrowth of Cistus monspeliensis, Erica arborea, Ulex parviflorus and Cistus salviifolius. The Torderes plot (2°45′E, 42°34′N) is 290 m asl in the Aspres massif (Catalonia, France). It has an area of 8.25 ha, with a fairly gentle relief, schistous substrate and a mean annual rainfall of 741 mm. At the beginning of the study in April 1991, the vegetation was 15-year-old homogeneous shrubland, burnt by a 7000 ha wildfire in July 1976. This maquis had an average height of 1.5 m and was dominated by Erica arborea, Cistus monspeliensis, Ulex parviflorus and Quercus coccifera, with scattered Cork Oaks. In January-March 1993 the plot was patchily burnt by prescribed fire, reducing foliage volume in burnt patches by 65% (Pons 1998) .
The La Jonquera plot was studied during two winters (1991-92 and 1992-93 ; the fifth and sixth winters since the fire) and the Torderes plot during six winters (1991-92 to 1996-97 ; the first, second, third, fourth, 16th and 17th winters since the fire). Both plots had a similar plant composition and average shrub layer structure, but differed in tree density. The most abundant birds in winter at both plots were three resident species (Dartford Warbler Sylvia undata, Sardinian Warbler Sylvia melanocephala and Blackbird Turdus merula) and five winter visitors (Dunnock, Robin Erithacus rubecula, Firecrest
Regulus ignicapillus, Wren Troglodytes troglodytes and Song Thrush Turdus philomelos).

Data collection
Both plots were divided into a grid and had an adequate density of pathways. At the La Jonquera plot an adaptation of the mapping method (International Bird Census Committee 1969) was performed, based on call or sight records, as Dunnock singing never took place. Priority was given to obtaining simultaneous registrations (definitely different birds) which reduce many of the problems found during cluster analysis (Fuller & Marchant 1985) . Counts were carried out in the morning, with a mean duration of five hours, the census route following all the paths of the plot twice. The location and activity of birds were registered on a detailed map at a 1:1670 scale. A total of 14 and 18 visits were carried out in the first and second years respectively to encompass the entire period in which Dunnocks occur in the plot. The visits from mid-November to the end of February, the main overwintering period of the species in the region (Ferrer et al. 1986 ), were then selected in the attempt to map winter home ranges (i.e. ten visits in 1991-92 and eight in 1992-93). Home range ovals were plotted following standard cluster evaluation procedure (International Bird Census Committee 1969, Bibby et al. 1997 ) relying on the abundance of simultaneous calls (see Fig. 2 ).
Home range areas were measured with a digital planimeter. The frequency of simultaneous calls, simple calls and visual records without call, were also obtained from maps and used as a measure of interaction.
At the Torderes plot birds were captured by mist-nets and ringed. Two capture sessions, each of three consecutive days, were performed each winter, in November and January. In an attempt to minimize the effect of reduced cover after fire on capturability, the total net length was increased (from 114 m to 174 m) from the winter of 1993-94 onwards. The exact point of capture was noted in order to compute the distance between successive captures. The maximal distance between nets was 365 m. A total of 54 Dunnocks (totaling 72 captures) and 91 Robins (totaling 124 captures), among other species, were marked during the six consecutive winters. The temporal pattern of Dunnock captures as well as recapture distances could then be compared with that of the Robin, a well-known territorial passerine in winter. In contrast to La Jonquera, the elusive and silent behaviour of the birds in this plot (probably a consequence of low density) meant mapping could not be conducted.
RESULTS
The first Dunnocks arrived at the La Jonquera plot in early October and by November the population had reached its winter density. Between March and April all birds left the area. Thus, the species occurred in the burnt forest for six months. Figure 1 shows the number of Dunnocks per visit for both winters, corrected for a census duration of five hours, and compared with the overall bird community. Number of species per visit ranged from nine to 16 in the first winter and from nine to 14 in the second one. The mean number of Dunnocks between November and February accounted for 45.5% of the overall winter bird community in 1990-91 and 27.1% in 1991-92. Dunnocks at La Jonquera showed marked vocal activity. 'Tseep' calls (loud note given singly or in short bouts; Langmore & Davies 1997) were frequently uttered from cover, while foraging on the ground and from the extremity of burnt branches that emerged from the undergrowth. When standing on visible posts, the body was outstretched, calls were more intense and the head was turned towards calling neighbours. The distance between two counter-calling birds was usually more than 25 m. If closer, the call frequency accelerated and the duration of the interaction increased. Afterwards birds flew off in opposite directions. Dunnock song was never heard. Intra-or interspecific aggressions were rarely seen, these being flight chases. Most flights were less than 20 m long, rarely longer than 50 m. Groups of birds were never observed. Table 1 shows the number of exclusively visual records, simple calls and simultaneous calls in both winters. Simultaneous calls decreased from 40.5% in the first year to 28.6% in the second year. After excluding the few exclusively visual records, the difference in frequency of simple and simultaneous calls between 1990-91 and 1991-92 is significant (χ 2 with Yates' correction = 5.05, P < 0.05).
The results of the mapping at La Jonquera (Fig. 2) agree with the hypothesis of solitary and restricted home ranges maintained throughout winter. The map zoom in Fig. 2 shows how clusters have been handled to delimit individual home ranges, without birds being marked, relying basically on simultaneous calls. The abundance of simultaneous registrations meant that it would have been impossible to plot home ranges after clusters without violating the assumptions of the method if birds appeared and disappeared during the winter, moved around without a definite core area or lived in groups. The intra-annual homogeneity in the measures of home range size (see below) provides the second argument allowing the possibility of nomadism to be rejected. Thus, the density obtained was 30.6 individuals/10 ha in 1990-91 and 17.8 individuals/10 ha in 1991-92, an interannual decrease of 41.8%. The mean size of home range ovals was 1828 m 2 ± 610 sd (n = 54) in the first winter and 1851 m 2 ± 535 sd (n = 29) in the second; means being non-significantly different (t = -0.169, ns) The total area occupied by home ranges was 9.0 ha (56% of plot area) in 1990-91 and 5.2 ha (33% of plot area) in 1991-92. The unoccupied area increased interannually by 54%.
At Torderes, seven Dunnocks out of 46 (15.2%) and seven Robins out of 86 (8.1%) were recaptured in a different session the same winter or in different years (individuals captured for the first time during the last session have been excluded). These frequencies are non-significantly different (χ 2 with Yates correction = 0.925; ns). The median distance between captures in birds trapped more than once was not different (Mann-Whitney U = 246.5, ns) between the Dunnock (62.5 m, range = 0-275 m, n = 16) and the Robin (65 m, range = 0-250 m, n = 29; to eliminate the effect of release on the spatial behaviour of birds, only the first capture has been taken into account when more than one occurred in the same day). The difference is still non-significant when just considering recaptures of different sessions or years (Mann-Whitney U = 27.5; median = 50 m, range = 0-125 m, n = 7, in the Dunnock, and median = 65, range = 0-200 m, n = 7 in the Robin). Finally, mean weights of Dunnocks captured in January (19.95 g ± 0.92 sd, n = 15) were non-significantly different (t = -0.845, ns) from mean weights of Dunnocks captured in November (20.27 g ± 1.11 sd, n = 14). 
DISCUSSION
Many unmarked Dunnocks at La Jonquera were unequivocally distingished from neighbours in the course of a single visit thanks to frequent counter-calling. The reliability of the method increases as more visits are added and more information becomes available. But if birds had been transient or nomadic it would have been confusing to plot their home ranges after standard cluster evaluation. The possibility of nomadism can, however, be excluded because: (a) simultaneous registrations were so common (even the second winter of study more than one-quarter of records were simultaneous) that few doubts remained in plotting home range boundaries, (b) home range sizes were almost identical both winters, and (c) return rates at Torderes were higher and recapture distances closer, though not significantly, than those of territorial Robins. The Dunnock was the most abundant species at La Jonquera in winter, reaching 30 birds/10 ha in the fifth winter after fire. It is known that wintering Dunnocks act as seed predators in Mediterranean habitats (Herrera 1984) , seeds of Cistaceae shrubs being their main food in southern Spain (Martinez-Cabello et al. 1991) . Moreover, seed production of rock-roses Cistus spp. is high during the early years after a disturbance. In a four-year-old Cistus monspeliensis population in Catalonia, 1000 to 4000 seeds can be found on the ground projection of each shrub (Cucó 1987) . At La Jonquera, C. monspeliensis was the densest shrubby species both winters, and among the three densest at Torderes. Despite lack of direct quantification in our plots, it is reasonable to think that food was abundant and well distributed. This, in turn, could explain both the high density of Dunnocks found at La Jonquera as well as the lack of significant difference in body weights between November and January at Torderes.
Results of other studies also suggest that burnt areas with rock-rose regeneration could be optimal winter sites. In an eastern Mediterranean pine forest, Dunnocks were eight-fold more abundant in burnt plots, the third winter after fire, than in unburnt plots (Izhaki 1993) . In the former plots Cistus salviifolius had the highest cover among all existing plants (Ne'eman et al. 1993) . It is, however, unclear why Dunnock density dropped from 1990-91 to 1991-92 at La Jonquera. One possible reason is a decrease in seed production, perhaps coincident with Cistus monspeliensis, a pioneer species, being adversely affected by increased competition from other shrubs like the heath Erica arborea. The former was the tallest shrub in 1990 (mean = 1.43 m ± 0.20 sd, n = 25) but it was slightly surpassed by the heath in 1991 (mean = 1.52 m ± 0.24 sd, n = 25, in C. monspeliensis, and mean = 1.57 m ± 0.22 sd, n = 22, in E. arborea; R. Prodon pers. comm.) . In contrast to rock-roses, heaths have minute, wind-dispersed seeds unprofitable for birds. A second reason could be a lesser migratory influx from breeding areas during the second winter of study, a factor which would be independent of habitat features at the plot scale. The species' movements in France based on ringing records seem, however, unrelated to cold spells (Vansteenwegen 1997) . But irrespective of cause, Dunnock decrease had a strong effect on vocal activity; fewer social interactions are to be expected when individuals are more spaced (Brown 1964) . By contrast, home range sizes did not grow in 1991-92 (see Fig. 2 ). The hypothesis of a reduced seed supply in 1991-92 could only then be possible if individuals also exploited unoccupied areas with a silent behaviour, unnoticed to the observer.
Territory size is chiefly governed by food supply (Newton 1998) . In contrast to the breeding season, when territory size can be affected by other factors like cuckoldry (Moller 1990 ), in non-breeding feeding territories size would be the result of the trade-off between food-content and energetic costs of defence (Davies 1980) . Dunnock winter home ranges have been measured in England (Birkhead 1981 : mean of 286 m 2 , n = 13) but these figures are the lowest estimate of area obtained by counting the number of squares in which individuals were recorded. The mean size of breeding territories defended by one male has been reviewed by Davies (1992) from different populations. Means ranged from 0.1 to 1.54 ha. Our home ranges of 0.18 ha lie in the lower extremity of this rank, suggesting that the burnt Cork Oak forest is a favourable winter habitat for the species. Other migrant small passerines wintering in Mediterranean habitats have similar territory sizes; for instance the Robin (Cuadrado 1995a : mean = 0.17 ha, n = 10) or the Black Redstart Phoenicurus ochruros (Cuadrado 1995b : mean = 0.09 ha, n = 7).
Dunnocks were faithful to home ranges, both in space and time, at Torderes. Their winter site fidelity was similar to that of Robins, a pattern already found by Orsini & Bouillot (1995) in a Mediterranean pine forest (return rates of 14.6% for the Dunnock and 13.1% for the Robin). In the absence of song and with few aggressions, I propose that ownership is proclaimed by 'tseep' calls and maybe by standing on visible posts. It has already been shown that calling is not completely impulsive in birds, but can be controlled (Marler & Evans 1996) . Langmore & Davies (1997) showed that, at increased levels of female-female competition during the prebreeding season, female Dunnocks produced 'tseep' calls in territorial conflicts with rivals. Aggression between them comprised 'counter-tseeping', as in our study area, together with chases and fights. Calls are also used in the winter territorial behaviour of passerines like the Pied Wagtail Motacilla alba (Davies 1981 ) and the Robin (East 1982) . In addition, the use of visible posts has been suggested as having territorial significance in overwintering Bluethroats Luscinia svecica (Eybert et al. 1989 ) and possibly in migrant Whinchats Saxicola rubetra (Dejaifve 1994) . However, unlike the preceding species (Robin, Black Redstart, Pied Wagtail, Bluethroat and Whinchat), and other passerines having non-breeding territories like the Dartford Warbler (Bibby 1979) or the Stonechat Saxicola torquata (Rödl 1995) , the Dunnock is mostly granivorous in winter in Mediterranean areas.
Seeds of Cistus monspeliensis and C. salviifolius are 1-1.5 mm in diameter, with several dozen contained in five-locular capsules. The different capsules of the same plant do not open at once but at different moments in autumn and winter (pers. obs.), so seeds fall to the ground gradually. As Dunnocks forage on the ground (Cramp 1988) , rock-rose seeds constitute a renewable food supply. Faced with such a pattern of food distribution and living within a dense population, it may be economical to defend a territory, as has been shown in nectar feeders or in the Pied Wagtail (Davies 1980) . In the Dunnock, the artificial provision of food in winter leads to a marked increase in territorial attendance (Davies 1992) . In contrast during the breeding season, food patchiness (the result of experiments with unpredictable feeders) promotes territory overlap and group formation (Davies & Hartley 1996) .
In summary, at La Jonquera, abundance and predictability of food supply seem to promote winter territoriality. It is, therefore, reasonable to think that observed home ranges were real feeding territories. A detailed study combining mapping with individually colour-ringed birds and behavioural observations remains, however, necessary to describe winter territorial organization of migrant Dunnocks. Thus, the comparison of populations in different habitats, as well as removal or feeding experiments, would be useful in assessing the effects of species' density on winter territorial behaviour.
